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In the present work, three volatile Maillard reaction products (maltol, furfuryl alcohol, and furfural) were considered 
for their supposed ability to act as process markers of dry durum wheat pasta. Hence, a commodity investigation was 
performed on Made in Italy pasta products and the HS-SPME/GC-MS technique was adopted to detect the target 
compounds in sixty samples. The analysis of variance (ANOVA) was used to evaluate whether the relative abundance 
of the fl avour compounds can differentiate pasta samples processed through mild technologies (traditional methods) 
from that submitted to intense thermal stress during their elaboration (industrial methods). Results showed that the 
analysed products were effi ciently discriminated according to their claimed manufacturing method by maltol, 
furfuryl alcohol, and furfural, which thus can serve as reliable pasta process indicators.
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Besides texture, colour, nutritional and cooking properties (ACQUISTUCCI, 2000; PAGNOTTA et 
al., 2005), many other features affecting the quality of durum wheat pasta should be taken 
into consideration to properly characterise different products. In particular, pasta fl avour has 
not been deeply investigated yet (BELEGGIA et al., 2009; WEST et al., 2013), although this 
sensory property has a relevant infl uence on consumer acceptability. Since fl avour composition 
of thermally-processed foodstuffs is generally affected by the conditions (temperature, air 
moisture, duration) adopted during their processing (SUCAN & WEERASINGHE, 2005), the 
analysis of volatiles profi le may allow the identifi cation of new process markers able to 
discriminate the large selection of Made in Italy pasta products available on the market 
depending on their different manufacturing conditions. In fact, high temperature-dried pasta 
shows higher levels of furan and furan derivatives, derived from the Maillard reaction, than 
low temperature-dried pasta (PASQUALONE et al., 2014).
In Italy, traditional pasta production involve the adoption of mild technologies relying 
on low temperature (around 50 °C) and long time (around 24 h) drying methods (LT-Lt), 
which results in products with peculiar organoleptic properties. The industrial production, 
instead, relies on plants that operate continuously and require the use of a drying step 
performed at high (60–80 °C) or very high (80–100 °C) temperatures within a short time 
(5–12 h for HT-St or 1–2 h for VHT-St) (DEXTER & MARCHYLO, 2001). As a result of the lower 
operation and maintenance costs associated with large-scale production, pasta produced by 
traditional methods is on average more expensive (≥4 € kg–1) than industrially produced one 
(≤2 € kg–1). Beside a signifi cant reduction in overall cost, the adoption of HT-St or VHT-St 
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methods bring some advantages in terms of plant productivity, reduction of microbial 
contamination, as well as improvements in pasta digestibility (partial denaturation of 
proteins), and texture during cooking (PAVAN, 1980).
On the other hand, when the drying step takes place above 60 °C, pasta nutritional value 
and fl avour undergo remarkable changes due to the development of uncontrolled cross-
reactions such as the Maillard reaction (RESMINI et al., 1993; ANESE et al., 1999). The chemistry 
involved in the Maillard reaction is extremely complex and partially still unknown (AMES, 
1998). Since several Maillard reaction products (MRPs) have a direct impact on the nutritional 
and sensory quality of foodstuffs (VAN BOEKEL, 2006; GIANNETTI et al., 2013), some volatile 
compounds formed during pasta drying (e.g. aromatic aldehydes and alcohol, ketons, furan-
derivatives, pyrazines, thiophenes (PASQUALONE et al., 2014)) could signifi cantly affect pasta 
fl avour due to their low odour threshold values (LEONARDOS et al., 1969).
The present study was based on the hypothesis that the MRPs, characterizing the fl avour 
of durum wheat pasta, should be detected at higher amounts in products dried with HT-St or 
VHT-St methods, as the Maillard reaction progression is prompted by drastic thermal 
treatments. Therefore, a signifi cant variation in the relative amount of volatile MRPs should 
allow the discrimination between traditionally produced pasta samples and industrial ones. 
Among the different volatile products of the Maillard reaction, furfural, generally considered 
as a good indicator of food thermal damage, was selected as possible marker of pasta fl avour. 
In addition, as previous studies (FOLKES & GRAMSHAW, 1977; BEAL & MOTTRAM, 1994) have 
shown the presence of maltol and furfuryl alcohol in the fl avour of bread crust and other 
cereal-based processed foods, also these MRPs were investigated as potential markers of 
pasta manufacturing process.
In this study, the Headspace-Solid Phase Micro-Extraction (HS-SPME) technique 
coupled with Gas Chromatography-Mass Spectrometry (GC-MS) was employed to 
investigate the presence of the target MRPs in the fl avour of 60 dry pasta products (30 
industrial samples and 30 marketed as traditional ones). Data were evaluated through relative 
quantitative analysis followed by analysis of variance (ANOVA) for statistical signifi cance.
The work focused on a commodity investigation among pasta products of the Italian 
market – many of which are widely exported worldwide and belong to the main pasta brands 
– in order to assess the applicability of the target compounds as reliable process/quality 
markers.
1. Materials and methods
1.1. Samples
Samples belonging to the two main market categories were analysed. Industrial pasta samples, 
both private labels and large fi rms, were purchased from large-scale retail trade channels, 
while pasta samples claimed as “produced according to traditional methods” (slow drying at 
low temperature) were obtained from specialized shops (i.e. Pasta of Gragnano P.G.I., 
handicraft products). Samples were also classifi ed by considering the average selling price 
(≤3 € kg–1 for mass-produced pasta products and ≥5 € kg–1 for traditional ones). Further 
differentiation among samples within the two categories was taken into account, selecting 
both short-shaped pasta samples (such as rigatoni, penne, etc.) and long-shaped pasta ones 
(such as spaghetti, linguine, etc.). Overall 60 pasta samples differing in brand, shape, and 
drying method were collected. Packaged samples were kept at room temperature until being 
analysed.
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Fig. 1. Mass spectra of the volatiles of Maillard reaction selected as standards
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1.2. Determination of the fl avoured compounds
In order to identify volatile compounds in pasta samples, the static headspace solid-phase 
micro-extraction (HS-SPME) technique was adopted. 3-Hydroxy-2-methyl-4-pyrone 
(maltol), 2-furanmethanol (furfuryl alcohol), and furan-2-carbaldehyde (furfural), all ≥99% 
purity, were purchased from Sigma-Aldrich (St. Louis, MO, USA). Deuterated tetrahydrofuran 
(d8-THF) supplied by Sigma-Aldrich (St. Louis, MO, USA) was used as the internal standard 
(IS) added at 0.01 μg–1 to the samples. Standard solutions were prepared with deionised 
water, obtained by a Milli-Q water purifi cation System (Millipore, Bedford, MA, USA) and 
stored in the dark at 4 °C. The volatile compounds were identifi ed in the fl avour of pasta 
samples by comparing their mass spectra with those of the corresponding standard solutions 
(Fig. 1).
Standard mass spectra were acquired by HS-SPME extraction of 1 μl of mix standard 
solutions at 600 μg l–1 in a 20 ml glass vial. Afterward, the mass spectra were used to build up 
a compound library by the Automated Mass Spectral Deconvolution and Identifi cation 
System 258 (AMDIS) software, and then used for the acquisition of the compound peak area 
and the screening of pasta samples.
The sample preparation, the HS-SPME and GC-MS equipments, and methods are 
described elsewhere (BOCCACCI MARIANI et al., 2014). Analyses were performed in triplicate 
for each sample.
1.3. Statistics and software
Statistical analysis for data signifi cance was performed using the SPSS 16.0 package (IBM 
SPSS Statistics, Chicago, IL, USA). One-way univariate analysis of variance (ANOVA) was 
carried out for each target compounds detected in pasta fl avour by using the manufacturing 
process (traditional or industrial) as the main factor. Subsequently, the assumption that also 
shape could infl uence the relative abundance of the investigated MRPs was taken into 
consideration, since short-shaped and long-shaped samples have very different specifi c 
surface area available for water evaporation during the drying step. Hence, a second factor at 
two levels was included in ANOVA analysis for each compound. The fi nal data set included 
results of the analysis of differently-shaped pasta samples (long-shaped and short-shaped) 
produced by traditional or industrial methods. Mean comparison was carried out according to 
the Least Square Difference (LSD) test and for variables with signifi cant factors interaction, 
the Duncan Multiple Range Test (DMRT), both at P≤0.05 probability level.
2. Results and discussion
2.1. Identifi cation of the target Maillard reaction products in pasta fl avour
The HS-SPME/GC-MS profi le of durum wheat pasta fl avour is characterised by a wide 
selection of volatile compounds (BELEGGIA et al., 2011; BOCCACCI MARIANI et al., 2014; 
PASQUALONE et al., 2014), some of which are attributable to the development of the Maillard 
reaction during pasta drying (YAYLAYAN & MANDEVILLE, 1994; POZO-BAYÓN et al., 2006; 
BARHAM et al., 2010; SMUDA & GLOMB, 2013). The investigated MRPs were identifi ed in the 
fl avour profi le of all samples (retention times: furfural 15.36 min; furfuryl alcohol 19.66 min; 
maltol 24.00 min) (Fig. 2).
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Fig. 2. HS-SPME/GC-MS chromatographic profi le of a pasta sample
2.2. Method precision and relative quantitative analysis
In the analysis of food fl avour, the ideal extraction conditions for HS-SPME are not readily 
achieved, since volatile compounds are continually formed and degraded through a complex 
pattern of chemical reactions depending on temperature, moisture, and pressure (BREDIE et 
al., 2002; GRIMM et al., 2002). Most of the literature on SPME technique applied to foodstuffs 
is related to qualitative analysis, however, quantitative information can be obtained by 
analysing the samples under constant conditions and measuring the relative production/
release of the volatile compounds in the headspace (KATAOKA et al., 2000). For solid food 
samples, the matrix spiking procedure generally does not provide reliable results, since the 
mass-transfer mechanism can be very different for spiked analytes compared to native ones 
(OUYANG & PAWLISZYN, 2008). Nevertheless, the headspace analysis performed by the internal 
standard method yields a gas chromatographic profi le that can be used to evaluate the 
relationship between the relative concentration of fl avoured compounds and the overall 
sensory quality of food. By this approach, the HS-SPME procedure could be suitable for the 
comparison of pasta samples produced by different manufacturing processes.
In this study, relative quantifi cation of the three MRPs was performed using the internal 
standard (deuterated THF) method and normalized data were then processed in order to 
assess statistically signifi cant differences among the considered pasta categories. To the 
purpose, a preliminary evaluation of the method precision was carried out. The repeatability 
and intermediate precision, expressed as a percentage relative standard deviation (RSD%), 
were calculated on ratio of analyte and internal standard areas (A/AIS) expressed as total ion 
counts (TIC) by analysing a pasta sample three times during the same day and processing the 
same sample three times each day for fi ve subsequent days. Good results were achieved for 
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all the target compounds, since repeatability was 0.2, 1.4, 4.3% and intermediate precision 
1.0, 2.6, 5.8% for maltol, furfural, and furfuryl alcohol, respectively.
2.3. Statistical analysis
ANOVA results on relative quantifi cation for maltol, furfural, and furfuryl alcohol detected 
in the analysed pasta samples are reported in Table 1. As expected, factors signifi cantly 
infl uenced the measured parameters. The highest mean values were recorded in industrial 
group of samples (data not shown). Moreover, the interaction between the factors indicated 
that the effect on the content of maltol and furfuryl alcohol varied according to the different 
combination of process and shape. Two-way ANOVA analysis among the four sub-groups 
was therefore carried out for the two compounds. Results highlighted that maltol was 
signifi cantly able to differentiate all the analysed groups of samples with the highest values 
in long-shaped industrial samples and the lowest ones in short-shaped traditional pasta, as 
expected. Differently, even though the relative amount of furfuryl alcohol was signifi cantly 
higher in traditional pasta groups than in the industrial ones, no signifi cant differences were 
observed between the long-shaped and short-shaped traditional samples (data not shown). 
The results clearly showed that all the investigated compounds were able to discriminate the 
samples in respect to the process factor with signifi cantly higher response in industrial 
samples than in traditional ones. Moreover, the results confi rmed the effect of shape factor on 
the MRPs content (CAVAZZA et al., 2013). Indeed, during the drying step, long-shaped pasta 
has higher specifi c surface area exposed to heat exchange and water loss than short-shaped 
one, causing higher internal temperature and water activity gradients (LITCHFIELD & OKOS, 
1992), which could enhance the formation kinetics of MRPs. As a result, the formation of the 
MRPs is expected to be favoured in long-shaped pasta as well confi rmed by this product 
investigation.
Table 1. ANOVA results of Maillard reaction products in the analysed pasta samples along the process and shape 
factor
Factor Maltol Furfural Furfuryl alcohol
Process *** ** ***
Shape *** ** ***
Process × Shape ** n.s. *
n.s.: not signifi cant; *: P≤0.05; **: P ≤0.01; ***: P≤0.001
3. Conclusions
The study results clearly showed the discrimination of the pasta products by the three markers 
according to the manufacturing method and the further effect of shape on the MRPs formation. 
This fi nding represents an interesting novelty, since to date, maltol and furfuryl alcohol have 
never been used as food process/quality markers, in contrast to furfural, which is considered 
as a reliable indicator of product deterioration (e.g. honey, spirits, fruit juices) (NAGY & 
RANDALL, 1973; JEURING & KUPPERS, 1980) and an index of thermal process conditions (e.g. 
oils, milk, infant formula) (FERRER et al., 2000; DURMAZ & GÖKMEN, 2010). The results 
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obtained in this work encourage further investigations in order to assess whether these MRPs 
could also serve as innovative markers for detecting heat alteration and fl avour deterioration 
in other categories of processed foodstuffs, including those generally not considered for their 
fl avour properties like Italian dry pasta.
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